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Systems and technologies that
collect, store, analyze, and process information,
make, and execute an action or decision that
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FHWA EDC 3D WORKSHOPS
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• Underground Utilities Location
• 3D Designs and Modeling
• Automation in Construction
• Real Time Monitoring and Inspection























• GPS is highly reliable horizontally
• GPS alone limited the vertical control required for the project
• Preconstruction CM team control checks / densification / 
vertical improvements
• Digital levels run through all primary control to allow tighter 
calibrations
• Verified control published to all contractors
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VERTICAL PRECISION
• Fixed Wing Aerial Photogrammetry: ±6” (15cm)
• Low Altitude Helicopter Photogrammetry: ±1”~2” (2.5 ~ 
5.0cm)
• Mobile LiDAR Laser Scanning: ±½”~1” (1.3 ~ 2.5cm)
• RTK GPS: ±½” ~1” (1.3 ~ 2.5cm)
• Static LiDAR: ±¼” ~½” (6.4 ~ 13 mm)






















DATA FUSION TO CREATE DTM
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KEY BENEFITS
Survey data collection time and cost savings
Improved safety
Example:
Utah DOT - Asset Management Mapping Grade LiDAR for Design 
(Searle et al. 2014)
24% cost savings, 22% time savings, increased safety
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KEY BENEFITS
Increased level of detail, accuracy, and scalability
Example:
Alabama DOT:  Evaluating Mobile Scanning Data for use within a State 
DOT (Russell 2012)
improved quantity estimates




• Cost is the most significant challenge
• More evidence and education needed regarding the 
benefit-to-cost comparison
2013 Survey on mobile LiDAR at State DOTs (Hurwitz et al.)
Challenges Solutions
Cost
(Equipment and data 
collection)








• American Society of Photogrammetry 
and Remote Sensing (ASPRS): LAS format
• The ASTM E57 committee: format E57 
for 3D imaging systems
Data 
Management
• Positions to facilitate data flow between 
design and construction 
• Dedicated IT staff in design sections to 






• 3D modeling software + underground location 
technologies
• 2015 FHWA Report: Feasibility of Mapping and Marking 
Utilities
(Hatch Mott MacDonald )
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KEY BENEFITS
More accurate information regarding existing utilities is needed, 
especially in urban environments,
• identify conflicts during design
• avoid guess work and digging during construction which 




• Agencies/designers work with inaccurate, low quality 
information from utility companies





Unknown or mistakenly recorded utilities (R01A 
Technologies to Support Storage, Retrieval, and Utilization of 
3-D Utility Location Data)
Locating underground utilities across a variety of soil 
conditions (R01B Utility Locating Technology Development 
Utilizing Multi-Sensor Platforms)
Locating deep underground utilities (R01C Innovation in 
Location of Deep Utility Pipes and Tunnels) FHWA, SHRP2
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3D DESIGN AND MODELS
IICTG.org
3D COMPUTER-AIDED DESIGN MODEL 
• Real-time field verification with GPS rovers,
• Surface-to-surface accurate volume, and
• Export design information shared by designers, surveyors, 
and inspectors.
• 3D design is a key process for implementing ICST. 
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3D MODELING
• 3D design is a key process for implementing automation 
in construction
• Transition from 2D to 3D design at DOTs has been driven by contractors 
using Automated Machine Guidance
• Once transition to 3D design is underway, DOTs benefit of 





• CM team wanted to use C3D to work within the new approved 
software platform and help develop the DOT process. Started with 
the idea of having an independent model to check against 
contractor model.
• Software wasn’t ready for a model of this scale.
• Terramodel
• Changed to Terramodel to integrate and collaborate more efficiently 
with the contractors model
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3D DESIGN AND VISUALIZATION
WisDOT, 2012
Mitchell Interchange I-94/I-43 Corridor
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3D MODELING THRU ALL PHASES 
GDOT2D Drawing/Photo 3D Design/Model
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AS-BUILT 4D MODEL AND SITE PHOTOS
Photos




• More accurate construction documents and 3D as-built 
plans
• Visualization for engineering analysis and communication 
with the public
• Detection of issues before construction, conflict resolution 
applications (i.e. utilities)






• Begin with 3D design for mega/large 
projects, then work agency wide 
implementation
• Begin with smaller projects and build on 
experience
CHALLENGES
• How to quantify implementation cost?







• Meetings with industry associations and 
contractors





DOTs handle transition and training individually







Incremental steps towards this goal, e.g.:
• Replaced 2D plans with PDF sealed with a 
digital signature





Design-construction reviews for megaprojects 





MODEL USE DURING CONSTRUCTION
Model correction to avoid excessive waste
WisDOT
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MODEL USE DURING CONSTRUCTION
Model and as built shots





From 2D to 3D
Courtesy Trimble
Grade Control System



















3D UTS HMA Paving
Trimble
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3D UTS PCCP Stringless Paving
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BENEFITS
• Better control of quantities
• Increased productivity
• Increased accuracy and precision 
• More uniform surfaces
• Reduced surveying cost and time




• Cost and ROI information is scattered
• Case studies available are at a project level, not 
representing agency wide figures. 
• Direct method to document ROI?
• DOTs: construction bids




Lack of 3D 
Models
• Contractors “reengineer” 3D model from 
2D plans
• Pilot projects to evaluate 3D surface 
model standards and data flows
• Some DOTs deliver 3D surfaces/models 





• Pilot projects to illustrate utilities and 
benefits
• For all parties: designers, inspectors (i.e. 









Specification and special provisions have been 
developed by DOTs, many based on pilot studies.
• NCHRP 10-77: This project is to develop AMG 
guidelines
• AASHTO’s AMG Quick Reference Guide
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REAL TIME MONITORING & INSPECTION
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SOILS IC VS. ASPHALT IC
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Courtesy of  Topcon/RDO
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ICMV
Intelligent Compaction Measurement Value
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DEFORMATION OF MATERIALS DURING COMPACTION
















































• Sign bridge footings
• Structure excavation
• Pavement marking layout





IC IDENTIFIES CAUSES OF FAILURES
Failed density
due to static passes
Passed density 





TPF IC Study – IN Site
IICTG.orgCourtesy of  MNDOT
Lift 1 without IC
< 3 Passes:  31 %
≥ 3 Passes:  69 %
COV : 71%
< 3 Passes:  10 %














• Less coring of new and existing pavements/structures, 
labor intensive tests
• Improved materials quality with faster feedback, and 
continuous and more complete coverage















Education and unbiased publications 
with project data documenting cost 
and time savings.
Cost and ROI information associated with 
these technologies varies widely 
• Not used routinely by DOTs






Demonstrations and publications by 
national agencies such as FHWA, NCHRP, 
SHRP2, etc.
Lack of Training / 
Education 
• Pilot projects to illustrate utilities and 
benefits
• Case studies
• Customized workshops focusing on 
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• 3D Modeling 
• 4D Modeling (3D + work progress)
• Project Visualization
• Automated Data Management






































4D MODEL AND DATA MANAGEMENT COTS software
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CIM - CIVIL INTEGRATED MANAGEMENT
Parve, WisDOT 2014
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GIS – CIM - BIM
IICTG.org
GIS – CIM - BIM
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CIM-VDC PROCESS
• The databases, tools & processes use multidisciplinary 
performance models of design & construction input such as:
• Building or Civil Information Models (3D), 
• CPM Schedules (4D), 
• Cost Estimates (5D) and 
• Specifications (6D) 
to simulate & validate project objectives.
VDC (Virtual Design and Construction)
IICTG.org
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Sample Resource Assignment Matrix (RAM)
IICTG.org
RAPID DEPLOYMENT
a small team with decision-making power 
executive sponsor/manage the implementation
IICTG.org












Limited access to a CORS network Statewide CORS network that is asset/GIS-grade only
Limited access to survey-grade 
CORS network
Real Time GNSS 
Network (RTN)
Single Base RTK, requires site 
localization
Commercial RTN solution, 
requires site localization




State Plane coordinate system 
used on all projects
Modified State Plane coordinate 
system used on all projects




All staff have computers All staff have networked computers
All staff have networked 




Email, Internet, PDF and Office 
software only
CADD design software for 
designers and technicians
CADD design software for all and 
limited access to design review 
software
CADD Standard
CADD Manual documents 
minimum requirements for 2D 
electronic plans
CADD Manual outlines minimum 
requirements for 3D model used 
to generate 2D plans
Standardized 3D model format 
and outputs including standard 
file naming convention




Control Type Network Accuracy
Horizontal Control 0.10 ft







H +/- 0.04 ft




H +/- 0.1 ft




H +/- 0.25 ft




H +/- 0.5 ft





Feature Type Aerial LiDAR Mobile LiDAR Static LiDAR
Constraint Features not appropriate not appropriate suitable
Design Features not appropriate consider suitable
Location Features consider suitable consider







SUBSURFACE UTILITY DATA MANAGEMENT
Use color and levels to distinguish between the different quality levels of subsurface utility data.
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GUIDELINES
3D MODEL STANDARD - CONTENT
CADD Data Type for Automation Features
alignment, surface & 3D line strings Roadways, interchanges, intersections
surface & 3D line strings 
Side slopes, gore areas, sidewalks and paths, lane width transitions, 
culvert headwall grading, guardrail berm transitions, benching 
transitions, bridge abutments, storm water ponds, ditches and swales
3D line strings Pavement markings, curbs and gutters, retaining walls, sewer inverts
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GUIDELINES
3D MODEL STANDARD - DENSITY
3D line strings and DTM 
faces accurately depict 
design intent in a 
tangent section
3D line strings and 
DTM faces 
approximate the 
design intent through 
a curve
3D models are incomplete and imperfect. 
Data density must be sufficient to depict the design intent 












Section of Standard Specifications Considerations to Support use of  automation technologies
Controlling Work: Plans and Working 
Drawings
Owner’s provision of 3D data, Review and agreement of electronic 
plan data, including 3D digital data, Requirements for 4D/5D models, 
Provision of as-built records
Controlling Work: Conformance with 
Plans and Specifications Standing of 3D data in relation to other contract documents
Controlling Work: Construction Stakes, 
Lines and Grades
Verifying control position, accuracy and usage, Agreeing a site 
localization, Staking requirements
Controlling Work: Inspection of Work Provision of equipment for performing inspection, Requirements for notification of work ready to inspect
Controlling Work: Quality Control Plan
Use of a Work Plan to agree use of automation technology in 
construction and inspection, including minimum requirements for 
equipment calibration.
Measurement and Payment Means of measurement and payment
Earthwork, Base Material, Fine Grading, 
Asphalt Paving, Concrete Paving Accuracies, tolerances, means of measurement and payment
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GUIDELINES
FIELD TECHNOLOGY & INSPECTION
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GUIDELINES
ESTABLISHING A MODEL OF RECORD
IICTG.org
GUIDELINES






Mapping projection and datum
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3D SURVEY AND UNDERGROUND CASE STUDIES
• 3D LiDAR





CONSTRUCTION MANAGEMENT CASE STUDIES
• Fleet Management
• AMG for Excavation






• Watertown Plank Road Interchange




I 80 INTEGRATED CORRIDOR MOBILITY PROJECT 




• Identify More Relevant Technologies
• Quantify the Benefits and ROI
• Identify Challenges and Solutions
• Future Technology Development & Implementation
• Tighter integration








• Technical Support Service Center (TSSC)
• http://www.IntelligentCompaction.com/Support/
• Phone:   +1 (512) 659-1231
• Email:     ICSupport@TheTranstecGroup.com 
• 5 days a week (Monday - Friday) 
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